Introduction
Breast cancer is one of the most common causes of central nervous system (CNS) metastases, second only to lung cancer, with 10% -30% of patients experiencing brain metastases [1] [2] [3] . Typically, CNS metastasis occurs later during the course of metastatic disease. This diagnosis is associated with poor survival rates, due largely to the inability of chemotherapeutic and biological agents to cross the blood-brain barrier [4] [5] .
In recent years, the incidence of CNS metastases has increased. Many researchers postulate that this increase is due to improvements in data collection, diagnostic capability, and systemic disease control [6] [7] . In addition, there has been a notable increase in breast cancer tumors that have a higher likelihood of recurring or progressing in the brain, such as estrogen/progesterone/Her-2/neu negative (triple-negative, TN) and Her2/neu positive breast cancer [8] [9] [10] [11] . The treatment of CNS metastases has also undergone rapid growth in the last 5 to 7 years with the introduction of various new modalities, such as targeted therapies stereotactic radiation and craniotomy [3] . In this study, we reviewed and analyzed data of patients with CNS metastatic breast cancer treated at City 
Methods and Patients
A retrospective, comparative, correlational chart review was performed to analyze all relevant variables. After obtaining Institutional Review Board approval, data was collected on 1890 women diagnosed with stage I, II, III, or IV breast cancer who had received treatment between 2000 and 2011 at City of Hope Medical Center, a National Cancer Institute designated comprehensive cancer center in Duarte, CA. Of these, 172 (9.1%) developed solitary or multiple brain metastases or leptomeningeal disease during the defined period and were included in this study. The medical records were reviewed for demographic information, pathologic data, treatment, and clinically relevant dates.
The time of brain metastasis was defined as the time when a brain scan via computed tomography (CT) or magnetic resonance imaging (MRI) documented the presence of brain metastases. Overall survival time after brain metastasis was measured in months from the date of diagnosis of the brain metastasis to the date of death or last known follow-up. Variables were analyzed using the Chisquare, Fisher's exact test, or proportion test. Kaplan-Meier survival curves were used to determine survival, and the difference in survival was compared using the log-rank test. Multivariate analysis was performed using the Cox proportional hazards regression model. R data analysis software was used for all analyses, and a P-value less than 0.05 was considered statistically significant.
Results

Patient Characteristics
Patient characteristics and treatment of all the patients with CNS metastases that were included in this study are presented in Table 1 Figure 6 ). Because the two survival curves cross early in the curve, we performed an extended cox regression mode by defining a time-dependent covariate instead of using the log-rank test. With this analysis, the p-value was significant (P < 0.0001). 
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Secondary Analysis
There was no significant difference in the overall survival between women <50 years and women >50 years of age diagnosed with metastatic breast cancer to the brain; women ≤50 years old survived 9.72 months (95% CI: 7.49, 18.3) and women >50 years old survived 9.69 months (95% CI: 5.55, 20.1) after diagnosis (P = 0.815, Figure 7) . At early stages of tumor development, women over the age of 50 years had a higher survival probability; however, after approximately 12 months, women less than 50 years old had a higher survival probability.
Next, we compared the overall survival of Caucasian, African-American, Asian, and Hispanic women with brain metastases and found a statistically significant difference in the overall survival among these different ethnic groups. Figure 8 ). African American and Hispanic women had a worse survival when compared to either Caucasian or Asian women. We found no relationship between age or race and tumor sub-type (ER/PR+, TN, Her-2/neu+) (P = 0.8185, P = 0.8324, respectively). The breakdown of tumor sub-types according to age and race are summarized in Table 3 and progression of metastatic disease. There was no significant difference in the overall survival between patients who presented with de novo brain metastases and patients with metastatic breast cancer progression, 12.25 months and 8.87
months, respectively (P = 0.067) (Figure 9 ).
Discussion
Here, we present a single-institution, retrospective cohort study comparing the When the patients were grouped into luminal A, luminal B, HER2+, and TN categories, the overall survival was significantly better in luminal B patients when compared to luminal A or TN patients. This is similar to previous findings reported by Niikura and colleagues [15] . However, our study found that TN patients did not have a significantly worse overall survival when compared to luminal A or HER2+ patients, as previously reported [15] . This discrepancy may be due to the small sample size in this study. Neurosurgery, whole brain radiation, and stereotactic radiation were used alone or in combination. The improved survival may be due to the combination therapies; however, this finding should be interpreted with caution because the choices of treatment were most likely correlated with the disease and functional status of the patient.
Ethnicity seems to influence the survival, with African American and Hispanic women experiencing a poorer survival probability. This result is in contrast to a previous report that found no significant differences in the overall survival between Caucasians and non-Caucasians [21] . We found no significant association between ethnicity and tumor subtype, which might have accounted for this discrepancy. The socioeconomic factors or delays in diagnosis cannot be excluded as reasons for this difference; however this information was not available at the time of data collection. These findings were based on a convenient sample, which may not be representative of the actual ethnicity composition of patients with breast cancer. Despite these contingencies, this finding warrants the development of a larger, prospective study to determine how or why ethnicity influences survival.
Although not significant, there was a higher incidence of patients with TN, . This difference may be in part due to the more frequent use of screening studies in the second cohort. We did not include the systemic treatment after the diagnosis of brain metastases, as it may not have been used to determine survival due to high degree of variation in treatment regimens among these patients.
However, it is reasonable to assume that the treatments were selected based on the NCCN guidelines. Patients with missing data were excluded from the analysis, although the number of patients excluded may not have affected the results.
Lastly, the study was conducted at one institution, making the results less generalizable than studies conducted at multiple institutions.
Conclusion
The results of this study demonstrate that, despite new treatments for CNS breast metastases; there has been little improvement in the overall survival of patients with metastatic breast cancer to the brain. These results further confirm that the current treatment is aimed at reducing tumor burden and not the biology of the tumor. Studies aimed to develop novel chemotherapeutics and targeted approaches are warranted.
